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TENSILE AND COMPRESSIVE ANISOTROPIC AND TIME DEPENDENT MATERIAL PROPERTIES OF
HUMAN CERVICAL TISSUE
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INTRODUCTION: The mechanical properties of the cervix are believed to be related to preterm birth. The cervix is a
soft collagenous tissue exhibiting anisotropic, visco- and poro-elasticity, and tension-compression asymmetry. In this
study, we mechanically tested human cervical tissue using both indentation and uniaxial tensile tests to formulate a
material constitutive model that can capture the nonlinear, time-dependent, anisotropic material response of the cervix.

METHODS: 4 nonpregnant (NP) and 2 pregnant (PG) human cervices were collected with an IRB-approved protocol.
Slices were cut from each cervix along the axial direction and stored in -80°C until the time of mechanical testing (for
details see [1]). Ramp-hold mechanical loading profiles were conducted in both spherical indentation and uniaxial tension
(Fig. 1c&d). For both tests, the force-time-deformation response was recorded (Fig. 1a&b) and the strain was calculated
by a digital image correlation system (Correlated Solutions VV2.6). For each sample, spherical indentation was performed
first via the protocol in [1] (Fig. 1a&c). After indentation, two tensile strips were cut from each slice perpendicular and
parallel to the principal fiber direction. The change of width (w) and thickness (t) was discerned by a custom U-Net based
deep learning code. Sample-specific FEA models were created using a custom Matlab code and were calculated using
FEBIo (V2.9, url: febio.org) to simulate both experiments. A fibrous reactive viscoelastic constitutive framework (see
FEBIo user manual v2.8) was used to fit the experimental data, where the elastic part was modelled as a fibrous composite
(described in [1]) and the viscous part was modelled using a “relaxation-power-distortion” relaxation function. A custom
genetic algorithm based inverse finite element analysis routine was conducted to fit the experimental force responses.

( ) I'"de"“" Indentation %10 Indentation Tension % Indentation
a ' PBS £ "
% Ten-Par FEXP =
; * Ind FEXP * ®
Indentationf~—=—1 |:u et o4 Ten-Par F FEA -
I > z % Ten-Per FEXP c
5 % 0.2 } = = =TenPer FFE -]
¥ w 0. s =)
* |
g ©
0 -1
0 1000 2000 3000 1000 2000 3000 0 2000 4000 6000 8000 1000 2000 3000
(c) ts] Time (s) (f) Time (s) (g) Time [s]
—
. o .
Sida Caiiiana Tension E ¥ FEAP::: o4 Indentation
l:]:] - ¥ ExPPart 15 &
- = = =FEAPart i
(b) {f 5 @ h 8 orrew % NPEXP
Tension N £ = FEAPorw —10} ——NP FEA
& 2 § oeea Z I PGEXP FoN
© = rt w F 7%
= @--@-___ 5 ---PGFEA % 3
g w: width ¢ 'hmmmw.w i
o v " : SRR T A
dq)° 20 400 e h O 20001 %000: 8000 . 0 500 1000 1500 2000 2500 3000
( ) t[s] ( ) Time sl Tension (') Time [s]

Figure 1: Experiment setup of (a) indentation and (b) uniaxial tensile test and the loading profiles (c) and (d). Representative fitted equilibrium
force response of (€) indentation and (f) uniaxial tensile test. Predicted and experimental (g) strain of the indenter spot and (h) shape deformation of
uniaxial tensile test. (i) Representative best-fit indentation viscoelastic force response of the non-pregnant and pregnant samples.

RESULTS: The elastic parameters E=1.24+1.0kPa, £=210+116kPa for nonpregnant samples, are found significantly
different (p<0.05, one way ANOVA) from pregnant samples (E=0.0540.02kPa, £=4.543.5kPa), illustrating the cervix
remodeled to be softer during pregnancy. Other elastic parameters are v=0.4340.2, b=1.240.8, a=1.530.7. The viscous
parameters are E,=5.543.5kPa, &=50435kPa, 7o0=51421s, 7:=1049s for nonpregnant samples and E,=1.140.5kPa,
£=8.936.3kPa, 10=56+11s, 71=1343s for pregnant samples.

CONCLUSIONS: Representative results (Fig. 1e&f) show that both the equilibrium compressive and tensile mechanical
behavior of the cervical tissue could be captured well by the proposed model. The strain under the indenter spot is
predicted lower (30~50% off) using this model (Fig. 1g). But the shape deformation of the uniaxial test was predicted well
(Fig. 1h). The nonlinear viscoelastic model could approximately describe the indentation experiment well (Fig. 1i). Our
future studies will address these time-dependent mechanisms by including poroelastic and other viscoelastic effects.
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